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PREFACE

This technical report was prepared in the Warfighter Interface Division, Human
Effectiveness Directorate, of the Air Force Research Laboratory, Wright Patterson Air
Force Base, Ohio. Mr. Gregory Feitshans was the Principal Investigator of this effort.

Members of the research team from General Dynamics were Robert Williams (subject
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A PROTOTYPE UAV CONTROL STATION INTERFACE FOR
AUTOMATED AERIAL REFUELING

INTRODUCTION

The Air Force has recognized a growing need for an air refueling capability on
Unmanned Air Vehicles (UAVs) as these programs have developed. Such a capability
will allow the UAVs to deploy into theater, extend their combat range and add to their
persistence in the battle area. The Automated Aerial Refueling (AAR) program was
initiated by the Air Force Research Laboratory’s (AFRL’s) Air Vehicles Directorate
(AFRL/VA) to evaluafe the feasibility of aerial refueling UAVs, including the
exploration of workable concepts of operations that demonstrate how the technology
might be employed in Air Force operations. In collaboration with VA’s AAR program,
AFRL’s Human Effectiveness Directorate, Warfighter Interface Division, System Control
Interface Branch (AFRL/HECT) developed prototype UAV operator display interfaces for
the air refueling phase of flight through the Unmanned Combat Air Vehicle —
Operator/Vehicle Interface (UCAV-OVI) program. A simulation evaluation was initiated
to allow various subject matter experts (SMEs) the opportunity to review and comment

upon the features and preliminary design concepts of these displays.

BACKGROUND

The UCAV-OVI program was initiated to develop effective operator display interfaces
for unmanned vehicles by providing an advanced design, prototype, and test capability
enabling quick look assessments. It is widely accepted that UAV systéms will be highly
automated, and that the operator’s role will be one of a system manager or supervisory
controller. As a system manager, the operator will be responsible for establishing system
goals, monitoring and directing automated subsystems, and ensuring the overall success

of the mission.
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TECHNICAL APPROACH

The long-term Air Force “vision” is to refuel UAVs using techniques similar to manned
aircraft refueling with minimal tanker fleet modifications. Therefore, it is important to
understand that the term “automated” in AAR does not refer to any tanker or boom
automation, but instead to the semi-autonomous algorithm on board one or multiple
UAVs. The UAVs will receive high-level commands from the UAV operator, process
sensor information, and generate corresponding lower-level trajectory commands for the

UAV guidance, navigation and control system to achieve the operator command

objective. ) -

The AAR program performed functional and informational requirements analyses of
UAV air refueling through the development of story boards of the operations concepts.
The UCAV-OVI team then developed the UAV operator display interfaces using these
information requirements in conjunction with Technical Order 1F-15E-1, Section VIII,
Air Refueling Procedures With KC-135 and KC-10, as the references. A peacetime
scenario environment was used to eliminate the issues associated with various emission

control conditions during air refueling.

OBJECTIVES

Overall Objectives

The primary objective of this UCAV-OVI simulation evaluation was to investigate
control station display interface concepts and identify issues affecting the UAV operator

to safely accomplish the air refueling task with a flight of four UAVs.

Objective 1: Determine from potential UAV operators, the features of the
current UCAV-OVI prototype air refueling concepts that are most useful.

Objective 2: Identify potential alternative display options and concepts thru

discussions with potential UAV operators.




METHOD
Participants

Familiarity with the air refueling process was desired in this initial evaluation to ensure
the participants would have a comparative baseline to provide the evaluators with viable
comments concerning the UAV operator display interfaces. The seven participants
included former F-16, F-18, F-111, KC-135 pilots; a former X-45A operator, and a

former KC-135 boom operator.

Apparatus

The evaluation was conducted in AFRL’s Aerospace Vehicles Technology Assessment
and Simulation (AVTAS) laboratory. The operator-in-the-loop AAR simulation
environment within AVTAS incorporated five main components to simulate the aerial
refueling of up to four UAVs by a KC-135 tanker. The components included a
simulation control console, a KC-135 boom operator station, a KC-135 pilot station, a
simulation observer-referee station, and a UAV operator station. A detailed diagram of
the overall environment can be seen in Figure 1. For this evaluation only the simulation

control console and the UAV operator station were used.
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Figure 1. AAR Simulation Environment Structure.

Simulation Control Console

The AAR simulation operator supervised simulation execution from the simulation
control console, shown in Figure 2. The console also served as the D-Six software
development station containing all AAR-specific software hosted on six networked PCs.
D-Six is a Windows-based simulation environment developed by Bihrle Applied
Research. The AAR D-Six environment consisted of four PCs, each running a distinct,
high-fidelity UAV and onboard AAR algorithm model, one PC running a medium-
fidelity KC-135 tanker model including a boom model, and a sixth PC running a D-Six
specific network server. The console computer hardware consisted of two 1 GHz,
Pentium III PCs with 1 GB of RAM and three 2.4 GHz, Pentium 4 PCs with 512 MB of
RAM all running under the Windows 2000 operating system. More PCs could be added

to the D-Six computing network as modeling complexity or number of simulated aircraft

increases.




Figure 2. Simulation Control Console

UAYV Operator Station

The UAV operator station, developed by the UCAV-OVI team, simulated a remote
operating station allowing a single operator to control a flight of up to four UAVs. The
UAV operator sent commands from the station to the UAVs, and the commands were
interpreted by the autonomous AAR algorithm operating within the D-Six model. This
algorithm guided the UAVs to the commanded positions in the AAR formation.

The station’s computer hardware consisted of a dual 3.06 GHz, Pentium IV PC with 2
GB of RAM and a NVIDIA Quadro Fx 3000 video card running under Windows XP
SP2. The display interfaces were depicted on two side by side computer monitors
(Figure 3) with keyboard and mouse inputs. The right monitor was configured showing a
3-D virtual environment depicting the KC-135 and UAV positioning, a tactical situation
display with mapping under lays for an overall situational awareness, and finally, a status

page depicting the UAV fuel tanks. The left monitor was the primary display for the air




refueling. It was configured with the Air Refueling control display centered on the KC-
135 and showed the UAVs in their allowable commanded positions as well as the

operator controls to manage the UAVs during the air refueling.

o

The software consisted of an adjustable-scale moving map showing UAV positioning

relative to the tanker, and a smali-scale display centered on the KC-135 which allowed
the operator to command the UAVs positions through the aerial refueling process. The
UCAV-OVI simulation software was constructed using Microsoft Visual Studio, third
party component libraries, and the OpenGL graphics libraries. Industry standard

software interface concepts were utilized whenever possible so that operators were

familiar with most interface techniques.

Right Monitor

The right monitor’s display interfaces (Figure 4) primarily gave the operator situational
awareness. It was not used to manage the UAVs in flight. The three display interfaces
consisted of: the Tactical Situation Display (TSD), the Fuel System display, and the Out-
the-Window (OTW) display.
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Fgure 4. Right Monitor Display Interfaces

Tactical Situation Displayv

The tactical situation display interface (Figure 5) consisted of digitized pilotage maps
showing the planned route of flight of the UAVs and the positions of the UAVs as well as
the tanker. The operator could zoom and pan the TSD as well as select various types of
maps. Scales were shown on the horizontal and vertical axes giving distance in nautical

miles.
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Figure 5. Tactical Situation Display

Fuel System Display

The Fuel System display (Figure 6) showed the total quantity and individual fuel tank
quantities for the selected UAV. The operator selected the UAV of interest on this

display using the vehicle selection buttons in the upper left of the window.

Figure 6. Fuel System Display

The Out-The-Window Display

The Out-the-Window display (Figure 7) was a virtual display depicting the positional
information of the UAVs and tanker. There were two operator selectable views used in
the simulation to enhance situation awareness. The head up display gave the operator an

out the nose virtual view from the selected UAV. The orbital view was used to give 2



detached perspective of the selected UAV. This view could be zoomed in or out from the
UAYV using the mouse wheel. It could also be moved in azimuth around the UAV using
the right mouse button and moved in elevation using the left mouse button. The orbital
view gave an enhanced situational awareness about the UAV and the surrounding UAVs,

as well as the tanker.

-

W, ST
Figure 7. Out-The-Window Display




Left Monitor

The left monitor (Figure 8) contained the main command and control display interfaces
for the operator to manage the UAVs during air refueling. The display consisted of three
distinct control and monitoring mechanisms; the summary panels, the graphical refueling

display; and the command window.

i Summary Panels

Graphical Air
Refueling Display

S Command Window

l
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Figure 8. Left Monitor Display Interfaces

Summary Panels
Across the top of the display are the Summary Panels (Figure 9), one for each of the

UAVs. The summary panels give the operator a quick view of the status of each of the

UAVs.
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Figure 9. Summary Panels
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Graphical Air Refueling Displav

This display interface gave position information about the UAVs, tanker, commanded

positions. It was the primary mechanism for commanding the UAVs during the air

refueling process.

Commanded Positions .

The UAVs could be commanded to fly to several predefined positions about the tanker
(green chevrons). These included the observation, post refueling, precontact, and contact
positions (Figure 10). Once a UAV was commanded to a particular position, a magenta
outline of the UAV was shown at the appropriate position. The operator would
accomplish this by selecting a UAV and either left mouse click on the desired
commanded position chevron or hold the left mouse button and drag a tether to that
position. The command would then be sent and to the UAV immediately, and the UAV
would begin flying toward the position. (The doubie green chevrons on the tanker’s nose

denote the tanker is the flight leader).

CAS % ALT

27003
Post Refueling . Observation

\
/\

A A
A
AN

Precontact Contact

Figure 10. Commanded Positions

i1



UAYV Icon Air Refueling Svstem Status

The UAV icons had three lights corresponding to the air refueling system status (derived
from the F-16) (Figure 11). The lights were blue for ready (RDY), green to show contact
with the boom (AR), and yellow to show the boom disconnect (DISC). The total fuel

quantity of each UAV was shown below these three lights.

Figure 11. UAV Air Refueling System Status Lights

Command Window

The command window provided a series of list boxes that allowed the operator to select
from various UAV flights (if multiple flights were available) as well as which tanker to
engage for the air refueling (Figure 12). To select an individual UAV in the command
window the operator would utilize the drop-down list box containing each UAV in the
selected flight. Once selected, the operator could open or close the refueling door of the
UAYV using those respective buttons. There are also the rendezvous and join up buttons
to command the UAVs to engage the appropriate algorithms allowing the UAV to fly to
the predetermined formation positions relative to the tanker. The operator can select
which UAV to work with using the Call Sign drop down list. The Disconnect button
released the air refueling boom for the selected UAV, and the Breakaway button was
used for emergencies. Lastly, post refuel button commanded the UAV flight to descend

1000 feet below the tanker while awaiting ATC clearance out of the air refueling

airspace.

12




“ "Figure 12. Command Window

Procedures

Introduction and Training.

Participants were given a general introductory briefing that provided the context and
purpose of the evaluation, including scenario description and tasks to be performed. A
detailed déscription of each of the UAV controls and display features were provided as
well as their context of use. Given that the primary source of evaluation data was to be in
the form of participant comments and opinions, responses and comments made during

this discussion were noted and incorporated into the overall data collection protocol.

UAYV Air Refueling Scenario

Four UAVs, call signs Striker 01 through Striker 04, were scheduled to air refuel with a
KC-135 tanker, call sign Crude 01. The air refueling was accomplished using point
parallel rendezvous procedures on a published air refueling track with UHF radios for
communications (peacetime training procedures). Crude 01 was holding at the Air
Refueling Contact Point (ARCP) at 27,000 feet MSL and 275 knots. Approaching the
Air Refueling Initial Point (ARIP), the UAV operator received permission to enter the air
refueling airspace from air traffic control (ATC). The UAV operator changed the UHF
radio frequency to the air refueling frequency and informed Crude 01 the UAVs were
enroute to the ARIP. The UAV operator notified Crude 01 when the UAVs crossed the
ARIP. At that time Crude 01 turned toward the ARIP and the UAV s proceeded towards
the tanker at 26,000 feet and 300 knots.

When the tanker was 26 degrees and 21 nautical miles from the UAVs (per Technical

Order 1F-15E-1), the formation join-up of the tanker and UAVs began. The UAVs flew

to a position one nautical mile aft of and 1,000 feet below the tanker. They continued the

13



